Constitutive defenses 174
In order to explore the relevance of constitutive defenses in determining Sitka spruce resistance 175 to pine weevil, we studied a subsample of spruce seedlings within the trial. To avoid possible 176 modification of the shoot anatomy or induction of defenses by weevil attack, all leader samples 177 within a cross were chosen from trees that had escaped weevil attack (i.e., never attacked from8 parent provenance), and four controlled-cross progenies from susceptible parents (QCI × QCI). 183
Total sample size was 100, corresponding to 20 controlled-cross progenies x 5 replicates. 184
In May 2010, terminal leaders (2009 growth) from these 100 trees were destructively 185 sampled. Total length and diameter of each terminal leader was measured in the lab. Samples 186 were immediately placed in glass vials and fixed in formalin acetic acid for 48 h, and then 187 transferred to 70 % EtOH for storage until sectioning and staining. Cross-sections, 90 µm 188 thick, were made using a sliding microtome. Sections were stained with 0.1% aqueous Safranin Y ijkl = µ + B i + R j + P (R) kj + C (P*R) lkj + ε ijkl 212 where Y ijkl is the continuous response variable tree height; µ is the general mean, B i , R j , 213 P k and C l are the main effects of block i (i = 1 to 30), resistance class j (j = 1 to 3, 214 corresponding to R × R, R × S and S × S crosses), provenance k (k = 1 to 3) and controlled-215 cross progeny l (l = 1 to 88), and ε ijkl is the residual error. Provenance was nested within 216 resistance, P (R) kj , and controlled-cross was nested within provenance and resistance, C 217 (P*R) lkj . All these factors were considered fixed effects. (Table 1) . The ten most weevil resistant 258 crosses were R × R crosses and the ten least resistant crosses were either R × S or S × S crosses 259 (Table 1) . 260
The statistical analysis indicated significant differences in weevil attack among 261 resistance cross level, parent provenances and controlled-cross families (Table 2) Results from the mixed model indicated significant differences between resistance 286 levels for inner, outer and total resin canal density measured either by the number of resin 287 canals per square millimeter of bark or by the percentage of bark area occupied by resin canals 288 (Table 3) . Specifically, the R × R F1 progeny had significantly greater density of inner, outer 289 and total resin canals than F1 progeny of the other two resistance levels (R × S and S × S) 290 (Table 4) . 291
Results from ANOVA also indicated significant differences between parent 292 provenances for inner, outer and total resin canal density (Table 3) . Especially, controlled-293 crosses with both parents from Haney provenance showed significantly greater density of resin 294 canals (Table 4 ). Significant differences among controlled-cross progenies were observed for 295 outer and total resin canal density measured by the percentage of bark area occupied by resin 296 canals (Table 3 ). Significant differences among resistance levels and controlled-cross 297 progenies were also observed for sclereid cell density (Table 3) . Specifically, the R × R 298 progeny had significantly greater density of sclereids (0.26 ± 0.03 sclereids mm -2 ) than did 299 progeny from the other two resistance levels (0.14 ± 0.04 and 0.12 ± 0.05 sclereids mm -2 for Rprovenances were observed for sclereid cell density (Table 3 ). The estimated heritability on a 302 family mean basis was high (h We also observed differences in weevil resistance among and within the resistant 336 controlled-cross families, within parent provenances. For example, the high resistance of 337 progenies from parents of the Haney genotype number 898 (Table 1) demonstrated the  338 heritability of weevil resistance, since this parent was already known to be highly resistant to 339 weevil from previous studies (King and Alfaro 2009). Individual and family heritability was 340 high (0.5 and 0.9, respectively) suggesting that important gains can be expected through family 341 selection. These heritabilities are generally higher than previous reports for spruce resistance to 342 white pine weevil or other insects. Individual heritability for interior spruce resistance to P. Thus, our results confirmed that it is possible to develop a screening program to breed for Sitka 346 spruce for resistance to the white pine weevil using individual putatively resistant parents to 347 create highly resistant pedigreed progenies. 348
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Constitutive defenses 350
Our results showed that controlled-crosses from R × R parents had greater density of resin 351 canals and sclereid cells than controlled-crosses from R × S and S × S parents. Moreover, we 352 found a negative relationship between the level of weevil attack by cross and constitutive 353 defenses (density of resin canals and sclereid cells); that is, controlled-cross families which 354 sustained fewer attacks had greater density of these constitutive defenses. These results support 355 previous findings in a F1 progeny trial of interior spruce studied by Alfaro et al. (2004) whofound that weevil resistance was strongly correlated to constitutive defenses, and highlights the 357 relevance of these traits for weevil resistance within the spruce genus. 358
We also observed large differences among parent provenances for the density of inner, 359 outer and total resin canals. Controlled-crosses with both parents from Haney provenance (H × 360 H) showed the greatest density of resin canals. Interestingly, the R × R controlled-crosses of 361
Sitka spruce with both parents from Haney provenance showed density of total resin canals 362 nearly 50% greater than R × R controlled-crosses with both parents from Big Qualicum 363 resistant provenance, although they showed similar levels of weevil resistance. 
